In early lactating cows changes in energy balance (EB) and subsequent mobilisation of body reserves result changes in milk yield (MY) and milk composition. These variations could be used as indicators of changes or problems in feeding, health and fertility. Recently it is postulated that changes in milk fat to protein ratio (FPR) may be associated with a negative EB. A negative EB, typical of the early phase of lactation impairs cows fertility whereas a recovery in EB from its most negative state, signals the initiation of ovarian activity indicating a direct relationship. Therefore, since measuring EB in large populations is difficult and expensive, assessing the genetic association between ratios of milk components and fertility traits, especially at different stages of lactation may provide an inexpensive indicator of EB. Besides, in selection programs, such information could be used to identify sires and cow families that have chronic energy deficiency and poor fertility in early lactation. The objectives of this study were to estimate covariance components for testday FPR, MY and fertility traits and to assess the genetic associations between these traits during lactation using random regression models (RRM). Genetic parameters of test-day FPR, MY and fertility were estimated using bivariate RRM that combine traits with different data structures employing a meta-model analyses. Fertility traits considered were days from calving to insemination (DFI), days open (DO), number of inseminations (NI), non-return rate to 56 days (NRR). Data was from a total of 22422 first lactation Finnish Ayrshire cows. The sire pedigree file had 638 males of which 509 sires had daughters with data. Heritability of test-day FPR during lactation ranged from 0.08 to 0.17 while the heritability of DFI, DO, NI and NRR were 0.06, 0.03, 0.01 and 0.02, respectively. Genetic correlations between test-day FPR and MY during early lactation ranged from 0.10-0.28. The positive genetic correlation between these traits indicates that genetically high producing cows tend to have high FPR during early lactation. Genetic correlations between test-day FPR and DFI, DO, NI, and NRR during early lactation were from 0.05-0.28, 0.03-0.24, 0.01-0.03, and -0.01-0.03, respectively. Of the fertility traits, the strongest genetic association was between test-day FPR and DFI or DO. The relatively low correlations between test-day FPR and the other fertility traits (NI and NRR) could be due to they are measures of fertility that are recorded after cows recovered from the most negative state of EB and started cycling. The positive and relatively higher genetic correlations between test-day FPR and DFI or DO indicate cows with high test-day FPR in early lactation tends to take longer from calving to first insemination and successful conception. The results from this study indicate that high FPR in early lactation could be used as an indicator of negative EB and cows of poor fertility, which take longer time from calving to first insemination and successful conception.
Introduction
Genetic improvement in dairy cows has markedly increased milk yield (MY). However, increased production has been associated with reduced fertility in dairy cows (Pösö and Mantysaari 1996; Pryce et al. 1998; Pryce and Veerkamp, 2001; Roxström et al. 2001) . In high producing cows, increasing dietary intake fails to keep pace with rising milk production during early lactation. This result in a negative energy balance (EB) and to overcome the energy deficit body reserves are mobilised leading to some body weight loss. As a consequence marked changes in milk yield and milk component ratios are typical of this phase of lactation. Therefore, dairy breeding programs that are focused on improving production are likely to lead to cows that are in more negative EB and utilise body reserves, which may be at the expense of other body functions such as fertility.
Energy balance is difficult to measure in large populations. Therefore there is interest in other traits, which could be indicators of EB (Coffey et al., 2001 ) and may subsequently be related to the health and fertility status of an animal. Body condition score is one of these measures (de Vries and Veerkamp, 2000; Veerkamp et al., 2001) . It is widely used in many species to assess body composition and energy status of animals. However, BCS is a subjective measure and routine recording of BCS is not a common practice on most dairy farms (de Vries and Veerkamp, 2000) .
Several studies have indicated that in early lactation milk composition changes are related to health, fertility and other physiological effects associated with energy balance (Von Farries, 1983; Grieve et al., 1986; Butler and Smith, 1989; Loeffler et al., 1999) . In this regard, Kaufmann (1979) illustrated a positive association between milk protein % in early lactation and fertility of cows, which may be attributed to the relationship of milk protein to energy supply. Reid (1983) reported reduced reproductive performance in cows with fatty liver after calving, a part of the generalised fat mobilization syndrome that occurs in response to energy deficit in early lactation. Some results also suggest that the milk fat to protein ratio (FPR) is negatively related to EB (Grieve et al., 1986) . Loeffler et al., (1999) indicated that a change in fat to protein ratio and the milk fat percentage during early lactation had a negative effect on conception at first insemination. It is therefore, hypothesised that changes in milk composition and ratios of milk components could help monitor the EB status of cows in early lactation.
In contrast to BCS, milk yield and milk composition data are available in almost all milk-recorded herds. Thus, the use of such data to identify between cow variations in EB might be an inexpensive alternative to measuring feed intake or BCS. One way of validating the hypothesis whether ratios of milk components can be used as indicators of EB is to assess the genetic association between component ratios and fertility traits during the different stages of lactation. A clear understanding of this relationship in dairy cows would enable the development of a low cost indicator of EB. Furthermore, in selection schemes, such information could be utilised to identify sires and cow families that experience severe energy deficiency and poor fertility in early lactation. The objectives of this study were a) to estimate covariance components for test-day FPR, MY and cow fertility traits and b) to assess the genetic associations between test-day FPR and cow fertility traits during the different stages of lactation using random regression models (RRM).
Material and methods

Data and trait definition
Data for this study were provided by the Faba Breeding. The data included information on test-day milk, protein and fat yield, and fertility traits of first-lactation Finnish Ayrshire cows. The test-day milk fat to protein ratio was calculated for each test-day.
Fertility traits were the number of inseminations (NI) in service period; days from calving to first insemination (DFI), non-return rate (NRR) to 56 days after first insemination and days open (DO) as the number of days from calving to successful conception. A test-day record comprised observations on test-day FPR and MY recorded within 8 to 365 days in milk. The data included a total of 22,422 cows. Details of the data are given in Table 1 . The sire pedigree file had 686 males of which 509 had daughters with data. For instance, the description of the bivariate RRM for test-day FPR and a fertility trait was: 
where c 0 c 1 c 2 c 3 represent coefficients of the third-order orthogonal Legendre polynomial at DIM d and w is coefficient of the exponential term of the Wilmink function (Wilmink, 1987) . The most appropriate coefficients of the exponential term (w) that fitted the current data for modelling the fixed lactation curves were estimated to be -0.05 for MY (Lidauer et al., 2003) .
The covariance structure for models with random htd effect was defined as: σ is the variance of the random htd effect, A is the matrix of additive genetic relationships among sires, ⊗ is the Kronecker product, G and P are covariance matrices of the random regression coefficients for sire additive genetic and cow permanent environmental effects, R is the diagonal matrix of the form 2 e σ Ι , and 2 e σ is residual variance.
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Fixed effects were age at calving (f), year×month of calving (ym), herd×year (hy) and regression coefficients (b) describing the shape of the lactation curve within calving-year×calving-season classes. The calving seasons were October to February, March to June and July to September. The herd sizes are small in Finland and therefore the herd effect was modeled by fixed herd-year and random herd test-day (htd) components. For fertility traits, a random herd-year and no htd effect was fitted.
Random genetic effects were a FPR and a FERT . The a FPR was random genetic effects for test-day FPR with: (2) for test-day FPR, and fertility traits, respectively. Random e FPR and e FERT were measurement errors.
In order to facilitate accurate estimates of parameters for the fertility traits, the bivariate RRM has to be defined as both test-day and fertility traits would be repeated observations but never recorded simultaneously. Thus the variance between daily residuals was assumed uncorrelated, but the animalwise environmental covariance among traits was modeled by permanent environmental effect. The estimation of this component for fertility traits was accomplished during REML analyses by restricting the residual variance of fertility traits to a predetermined operationally small value. As a result, most of the residual variance entered into the permanent environmental component facilitating the estimation of permanent environmental correlation between fertility and test-day FPR. The resulting covariance components of the random regression coefficients for sire additive genetic and cow permanent environmental effects were then used to derive the day to day heritabilities and correlations. All analyses were made using the DMU package (Madsen and Jensen, 2000).
Estimation of heritabilities and correlations
Daily sire variance of test-day FPR at time d i can be written as: 
where G FPR,FERT is random regression coefficients of the genetic sire covariance between the test-day FPR and fertility trait, and 2 FERT σ is the sire variance of the fertility trait.
Results and discussion
Mean and standard deviation of FPR
The overall average (SD) of test-day FPR during first lactation was 1.3 (0.21) (Figure 1 ). In early lactation (from d 8 to 60) the average test-day FPR ranged from 1.3 to 1.4. This was followed by a slight decline in mid lactation (from d 60 to 150) ranging from 1.2 to 1.25. From d 150 to d 200 the test-day FPR was relatively constant and started to increase towards the end of the lactation. Working with Holstein cows SUOMEN MAATALOUSTIETEELLISEN SEURAN TIEDOTE NRO 23 Čejna and Chládek (2005) indicated that the optimum FPR is between 1.2 and 1.4. They said lower values are likely to lead to subclinical rumen acidosis, which can endanger reproductive performance of cows and enhance a possible development of mineral metabolism disorders. On the other hand, a FPR higher than 1.4 signals energy deficiency and subclinical ketosis if ketone bodies are present. In this study, they found that the FPR changes during lactation and revealed higher values of this ratio are at the beginning of lactation in the observed herd. They concluded that monitoring of the FPR is relevant for correcting and adjusting possible nutritional deficiencies in cows. Similarly, Heuer et al. (1999) indicated that cows with FPR >1.5 had higher risks of ketosis, displaced abomasums, ovarian cyst, lameness, and mastitis. They also indicated that those cows produced more milk but had poor reproductive performance indicating a close associations between FPR, energy balance and cow fertility.
Estimates of genetic parameters for test-day milk fat to protein ratio
The heritability of test-day FPR during first lactation ranged from 0.08 to 0.17 (Table 2 ). In early lactation (from d 8 to 60) the heritability of FPR ranged from 0.08 to 0.11. Starting from d 60, the heritability of testday FPR increased gradually and reached peak towards the end of lactation. The wide ranges of the heritability estimates indicate that there is a sizeable genetic variation in test-day FPR during first lactation. One of the reasons for the slightly lower heritability during the early lactation could be the high non-genetic environmental variation during this period. Genetic correlations between different days in milk for test-day FPR were 0.97 between DIM 30 and 60 whilst 0.65 between DIM 30 and 305. This indicates that correlations between adjacent test-days were higher than between distant test-days implying that they may be affected by the same set of genes.
Genetic and phenotypic associations between test-day FPR and milk yield
Genetic and phenotypic correlations between test-day FPR and MY for selected days in milk are in Table 2 . Genetic correlations between test-day FPR and MY in early lactation (from DIM 8 to 60) ranged from 0.01 to 0.13. After DIM 60, however, correlations ranged from -0.11 to -0.22. The positive genetic correlations between the two traits in early lactation indicate that cows with high milk production are also cows with high FPR and has the propensity to mobilize body reserves to meet the high energy demands of peak production. After the peak milk production period, however, the genetic correlation between the traits becomes negative. This may be an indication that cows have come out of the negative state of energy balance.. The phenotypic correlations between test-day FPR and MY was very low ranging from 0.01 to 0.02 in early lactation and were negative in late lactation (Table 2) .
Genetic and phenotypic correlations between test-day FPR and fertility traits.
In early lactation (from DIM 8 to 60), the genetic correlation between test-day FPR and fertility traits ranged from 0.14 to 0.28 (Table 3) . After DIM 60, however, the genetic correlation decreased and was negative towards the end of the lactation. The moderate positive genetic correlations in early lactation between the two traits indicate that high FPR (an indication of negative energy balance) is genetically correlated with poor fertility (i.e., longer days from calving to insemination, DFI). This association in early lactation was followed by very low correlations suggesting that by mid lactation cows are out of the negative state of EB.
Similarly, genetic associations between test-day FPR and DO during early lactation were positive and moderate. It ranged from 0.19 to 0.24 whilst correlations from d 60 to 305 were relatively lower and ranged from 0.03 to 0.13 (Table 3 ). The phenotypic correlations both in early and late lactations were low and close to zero. The positive and slightly higher genetic correlations between the two traits indicate that cows genetically with high FPR in early lactation are cows with poor fertility taking longer days from calving to successful conception.
The genetic and phenotypic correlations between test-day FPR and NI and between test-day FPR and NRR are in Table 3 . Genetic correlations between test-day FPR and NI were positive and very low in early lactation. After d 60 to 305, the genetic correlations were negative and increased from -0.01 to -0.21. The phenotypic correlations between these traits were also very low during lactation and ranged from -0.04 to 0.04. Rather similar results were observed for NRR (Table 3) .
In general, results from the present study show that there are two different groups of fertility traits and the strength of genetic associations between these traits and test-day FPR was different. The first group was interval traits and it included DFI and DO whilst the second group is success traits that included NI and NRR56, which are primarily, measure success of conception. Our results show strong genetic correlations in early lactation between test-day FPR and the interval fertility traits. This is to be expected because EB affects the length of the time from calving to the start of the ovarian or luteal activity and DFI and DO as fertility traits measures the interval from calving to insemination and conception. Hence close genetic associations between these fertility measures and FPR imply that high FPR in early lactation may indicate a negative EB and poor fertility.
On the other hand, the very low genetic and phenotypic associations between test-day FPR and success traits may be due to the fact that NI or NRR as fertility traits measure only the success of conception. They are recorded only after the cow comes out of the negative state of EB, gained condition and started cycling. But negative EB and marked changes in the ratios of the milk components happen mainly during early stages of lactation when the cow was mobilising body reserves. Thus, the low genetic and phenotypic associations between success fertility traits and test-day FPR during early lactation are justified.
Conclusions
The analysis of genetic associations between test-day FPR and MY showed that milk production in early lactation is positively correlated with test-day FPR suggesting that cows genetically high producers tend to have high FPR during this time. Among the fertility traits, only DFI and DO were strongly correlated with test-day FPR. The genetic and phenotypic correlations with the other fertility traits NI and NRR were very low. In summary, the result from this study indicates that genetically high milk producers have high FPR in early lactation and tend to take longer from calving to first insemination and successful conception. Thus, test-day FPR can be used as indicator of cows fertility and indirect measure of EB in early lactation. 
